INTRODUCTION
Cell surface membranes express two general classes of antigenic determinants. One class includes antigens common to all cells of a particular organism, while the other is specific for given cell types, hence "differentiation antigens". In some patients with type I diabetes mellitus, circulating antibodies are detected that bind to the cell surface of viable islet cells (1) and are cytotoxic to cloned rat islet cells (2) . Thus, islet cell surface antigens may be important targets of the autoimmune phenomenon in type I diabetes mellitus.
Studies defining the cell surface antigens reacting with antiislet antibodies have been limited by the small quantities of antibody available. With the introduction by Kohler and Milstein (3) of monoclonal antibody techniques, the investigation of cell surface antigens has been greatly simplified (4) . Using these techniques we have developed a monoclonal antibody (F43 A1D2) that binds to a surface differentiation antigen of islet cels. In this communication we define the binding specificities of this monoclonal antibody, the antigen with which it reacts, and the functional properties of the antibody. Generation of monoclonal antibody F43 AID2. The general methodology for the production of murine monoclonal antibodies to rat RIN cells has been described (7) . Antibody containing ascites and diluted antibody were stored at -200C.
METHODS
I"25-Protein A radioassay. The basic assay used has been described previously (7) . The assay depends on the binding of staphylococcal protein A to the Fc region of certain immunoglobulins, including antibody AiD2.
Indirect immunofluorescence. RINm clone 5F and RINm clone 14B cells were removed from cultured monolayers by incubation with phosphate-buffered saline (PBS)' without calcium and magnesium. After incubation for 10 min with PBS, flasks were vigorously agitated and the cell suspension removed and centrifuged for 5 min at 300 g. The cell pellet was resuspended in 1% PBS albumin. Cells (105/50 Ml) were 'Abbreviation used in this paper: PBS, phosphate-buffered saline.
then incubated with 50 ,l of anti-mouse antibody conjugated with fluorescein isothiocyanate diluted 1:10 in 1% PBS albumin, washed, placed on a slide, and studied with a Leitz diavert microscope equipped for epifluorescence (E. Leitz, Inc., Rockleigh, NJ). In addition, cells lysed by antibody A1D2 in the presence of complement could be identified by uptake of eithidium bromide using a rhodamine fluorescent filter. The type of islet cell lysed is identified by incubation with antibodies to either insulin, glucagon, somatostatin, or pancreatic polypeptide followed by incubation with fluorescein-coupled antiantibody. The technique is detailed in a recent publication (8) .
51Cr cytotoxicity assay. A chromium release assay was used to assess the ability of antibody A1D2 to kill RINm5F cells in the presence of rabbit complement. The assay technique has been described (2) . Ascites from monoclonal antibodies A1D2, 6B2 (positive control), and P3X63 (negative control) were diluted 1:100 in RPMI 1640 medium.
Antigen isolation and characterization. RINm clone 5F cells were labeled by incubating overnight with [3H]leucine, in leucine-free culture medium. Labeled cells, after extensive washing, were extracted with 0.3% Triton in PBS for 5 min at 4°C, the extract centrifuged at 10,000 g for 15 min at 4°C and the supernatant containing 3.8 X 106 cpm was applied to a lentil lectin Sepharose 4B column (Pharmacia Fine Chemicals, Piscataway, NJ). The column was washed extensively with PBS containing 0.3% Triton and then bound radioactivity was eluted with 160 mM mannose in 0.3% Triton in PBS. The peak of eluted counts was then applied (3 X 104 cpm for each column) to an antibody A1D2 affinity column and to a control antibody 3A1 column. These columns were prepared by binding the respective monoclonal antibodies to protein A Sepharose columns (Pharmacia Fine Chemicals) with washing to remove unbound antibody. The antibody affinity columns after incubation with the lentil lectin purified extract were washed extensively with PBS containing 0.3% Triton and then bound radioactivity was eluted with 1 M propionic acid. The peak of eluted counts from both columns were boiled in 10% SDS containing mercaptoethanol and then electrophoresed on 10% polyacrylamide gels. The molecular weight of antigen A1D2 was determined by comparison with the migration of known molecular weight standards on a companion gel.
Islet cell isolation using antibody AID2. Pancreata were removed from neonatal Sprague-Dawley rats, cleaned of spleen and bowel remnants, and washed two times in cold Hanks' solution. Tissue was then minced with two scalpels and washed two times with cold Hanks' solution. Worthington type II collagenase (Worthington Biochemical Corp., Freehold, NJ) 40 mg/4 ml Hanks' solution was added and tissue was shaken at 37°C for 10 min until all chunks were dissociated. The cells were then incubated with a 1:50 dilution of antibody A1D2 in RPMI 2% with fetal calf serum and incubated at 4°C for 30 min. Bacterial petri dishes (Falcon 1001, Falcon Labware, Div. of Becton, Dickinson & Co., Oxnard, CA) were incubated the day before with 30
Al/3 ml affinity purified goat anti-mouse antibody (TAGO code 4150) in PBS 0.05% Na Azide. Immediately prior to use the plate was washed five times with PBS.
Following incubation with antibody A1D2 the pancreatic digest was suspended in 3 ml RPMI medium containing 2% fetal calf serum and added to the petri dish with adsorbed anti-mouse antibody and incubated at 4°C for 30 min. Islet cells rapidly adhered to the plate and after 30 min acinar cells and fibroblasts were removed by rinsing the plate with medium.
RESULTS
Monoclonal antibody F43 A1D2 resulted from the fusion of the P3X63 murine myeloma cell line with splenic lymphocytes of a Balb/c mouse immunized with whole RINm5F cells (7) . The resulting cell line has been cloned by limiting dilution and large amounts of antibody produced by growing the cell line as an ascites tumor in Balb/c mice.
Serial dilutions of antibody A1D2 were incubated with RINm clone 5F cells of fibroblasts and the binding of antibody detected with '251-protein A. Antibody A1D2 bound to RINm clone 5F cells but not fibroblasts (Fig. 1) . The binding of antibody A1D2 to RIN cell lines is independent of the cells ability to synthesize insulin. The RIN clone 14B cell line, which synthesizes somatostatin, also reacts with antibody A1D2 (Fig. 2) . Also shown in Fig. 2 In the presence of rabbit complement antibody A1D2 is also cytotoxic to normal rat islet cells. Lysed cells are identified by their uptake of ethidium bromide into the nucleus (orange nuclear fluorescence with "rhodamine filter") and the type of islet cell by its reaction with antibody to either insulin, glucagon, somatostatin, or pancreatic polypeptide followed by fluorescein-coupled antiantibody (green cytoplasmic fluorescence with "fluorescein filters"). As shown in (Fig. 4) . Greater than 90% of beta cells were always lysed whereas in some fields a significant number of other islet cells survived incubation with antibody A1D2 and complement (though the majority were lysed). Antibody A1D2 is also cytotoxic to somatostatin and pancreatic polypeptide containing cells (data not shown). In Fig. 4 , a monolayer of fibroblasts is barely discernable. These cells are not lysed by antibody A1D2 as one would predict from the radioassay studies. The absence of cytotoxicity of antibody A1D2 for fibroblasts is also illustrated in Fig. 5 (left panel) as contrasted with the cytotoxicity of unabsorbed human serum for rat fibroblasts (Fig. 5, right panel) .
Islet cell isolation. The specificity of binding of antibody A1D2 to islet cells, as opposed to acinar and fibroblasts, suggested that the antibody would be useful for purifying islets from unfractionated pancreatic digests. As Data represent mean±SEM of three determinations. All incubations were in the presence of rabbit complement. There was no significant cytotoxicity of antibodies in the absence of complement (data not shown). t 0.3% Triton X-100 was used to lyse all of the cells for determination of total 51Cr incorporation. a chloroform/methanol extract of the RINm5F cells (as can be accomplished with the glycolipid antigen A2B5, data not shown). This suggests that chloroform/ methanol denatured the antigen. The sensitivity to trypsin and the inability to recover antigenic activity in lipid solvents suggested that antigen A1D2 was a protein. We, therefore, tritium-labeled RINm clone 5F cells with leucine and extracted labeled antigen with 0.3% Triton in PBS. Isolation and purification of the antigen was accomplished by affinity chromatography on a lentil lectin column eluted with mannose followed by an antibody A1D2 affinity column eluted with acid. Polyacrylamide gel electrophoresis of the affinity purified antigen revealed a single peak (distinct from the origin and front of the gel) with a molecular mass of 24,000 daltons (Fig. 6) Gel Slice FIGURE 6 Polyacrylamide gel electrophoresis of affinity purified tritium-labeled ( (12) have recently reviewed the autoimmunity hypothesis in the pathogenesis of type I diabetes mellitus. The discovery of antiislet antibodies (reacting with both the cytoplasm and cell surface), "insulitis" at the onset of disease, characteristic histocompatibility leukocyte antigen associations, and the association of type I diabetes with other autoimmune diseases, all strengthen this hypothesis. In addition, major T cell abnormalities are present in the BB Wistar rat model of type I diabetes (13) and in man (14 (18) . A corollary of the autoimmune hypothesis of type I diabetes is that islet cell, and in particular beta cell specific cell surface antigens, may be the targets of the "autoimmune" process whether it is antibody or cell mediated. The development of a series of monoclonal antibodies to islet cell differentiation antigens should allow the isolation and characterization of relevant antigens. As shown with antibody A1D2, these antibodies will also be useful for the isolation of islet cells and for studies of the effects of pure antibodies on islet cell physiology (19) .
